ABSTRACT: Type 2 diabetes mellitus (T2DM) is more prevalent in aging populations. Older adults with diabetes have higher rates of macro and micro vascular complications. Our study assessed whether age is an independent factor for both large and small nerve dysfunctions in Chinese patients with T2DM. This cross-sectional study involved a total of 950 patients with type 2 diabetes (mean age: 60.01±12.30 years). Diabetic peripheral neuropathy (DPN) was assessed according to clinical symptoms and physical examinations by using neuropathy symptom score (NSS), the neuropathy disability score (NDS), Michigan Neuropathy Screening Instrument (MNSI score), vibration perception threshold (VPT) and SUDOSCAN test. By using independent logistic regression model, we showed that age was an independent risk factor of DPN (odds ratio patients with 19 years old, respectively. All of the above results in our study suggested age as an independent risk factor for the development of diabetic neuropathy in T2DM patients is significantly associated with the occurrence of both small and large nerve dysfunction, independent of other risk factors.
Though the mechanism of DPN still remains unclear, it has already been proposed that inflammation, oxidative stress, and mitochondrial dysfunction are three main alterations involved in the pathologic changes of DPN [7] . All of these alterations are related to the process of aging [8] . DPN has been testified to be associated with a number of modifiable and non-modifiable risk factors [9] [10] [11] [12] . Age as the most evaluated non-modifiable risk factor in the majority of epidemiological studies of DPN, has been found highly correlated with the incidence of DPN in T2DM patients [8] .
Previous studies mainly used traditional screening methods as well as clinical golden diagnostic method NCS as criteria in diagnosing DPN [13] . However, an accurate assessment of small fiber damage in diabetic patients has not evolved in parallel with that of large fiber damage [13] . The aim of our study was to assess whether age is an independent factor for the occurrence of DPN including both small and large nerve dysfunction to prove more sufficient evidence for early screening of DPN in diabetic patients in elder patients.
MATERIALS AND METHODS

Study population
The study was conducted in Huashan hospital, Shanghai from September 2014 to September 2015. The ethics committee of Hua Shan Hospital approved the study. Voluntary outpatients diagnosed with type 2 diabetes between 18 and 80 years of age, with or without symptoms of neuropathy, were continually enrolled in the study. Exclusion criteria included undiagnosed hyperglycemia, T1DM patients, those under treatment with drugs that could have an effect on the sympathetic system such as beta blockers and antineoplastic drugs, implantation of electrical implantable devices, history of seizures or epilepsy, lumbar sciatic nerve lesion, severe varices of the lower limbs, other metabolic diseases including thyroid disease or vitamin B12 deficiency, and any other advanced systemic condition including severe hepatic and renal dysfunction [14, 15] .
Physical examination
One trained nurse examined all the patients and recorded the results. Basic physical characteristics were recorded including height, weight, waist and hip circumference measured by using standard methods. Body mass index (BMI) and waist hip ratio (WHR) were calculated. Blood pressure was recorded in the supine position after 5 minutes of rest. Medical history (diabetes, hypertension, dyslipidemia, cardiovascular disease and other) was recorded completely for each patient.
Laboratory examination
Blood samples were collected after at least 8 hours of fasting. Plasma HbA1c level was determined by highpressure liquid chromatography and liquid enzymatic assay. Serum total cholesterol (TC), triglyceride, highdensity lipoprotein (HDL-C) cholesterol, triglycerides (TG), high-density lipoprotein cholesterol (HDL-C), lowdensity lipoprotein cholesterol (LDL-C) was measured by using an automatic analyzer (AU640; Olympus Corporation, Tokyo, Japan).
Peripheral neuropathy examination
Symptoms and signs of lower limbs were recorded respectively. The assessments of the DPN were performed by one expert nurse using three different questionnaires including neuropathy symptom score (NSS), the neuropathy disability score (NDS) and Michigan Neuropathy Screening Instrument (MNSI score). A composite score was calculated separately for neuropathic symptoms using NSS score questionnaire and for clinical examination using NDS score. Neurological symptoms and signs based on the neuropathy symptom score (NSS) and the neuropathy disability scores (NDS) were evaluated. Neurological symptoms included burning, numbness, tingling, fatigue, cramping or aching, and neurological signs included vibration sense, pain, temperature sensation and ankle reflex.
MNSI score consists of two parts: The appearance of the feet (deformity, dry skin, callus, infection or fissures) and examination of foot ulceration, ankle reflex and vibration perception with a 128 Hz tuning fork. Evaluation of each parameter was made at both sides with a maximum score of 8 points.
Vibration perception threshold (VPT) test
Vibration perception threshold was measured by the same technician by using a neuro-thesiometer (BioThesiometer; Bio-Medical Instrument Co., Newbury Ohio). Before testing, skin temperature of each patient was examined by a nurse. Then, the stimulus of neurothesiometer was applied to the great toe with the probe balanced vertically on the pulp of the toe on each side. Patients were requested to indicate when vibration sensation was first perceived. Stimulus strength was gradually increased from null intensity to a value in voltage at which the subject first detected vibration. The whole testing procedure was carried out with the subject's eyes closed. Both feet were tested three times in a random order and the VPT for each foot was determined as the average value of the three measurements calculated in volts. A 'null stimulus' trial was added before the testing to ensure the subject's adherence and understanding. The whole testing generally required less than 3 min. 
SUDOSCAN test procedure
The SUDOSCAN device is composed of two sets of electrodes for the feet and hands, both of which are connected to a computer for recording and data analysis. The whole process of the test is non-invasive, and no special preparation is required. Patients only need to place the palms of their hands and the soles of their feet on the electrodes for 2 to 3 minutes and a low-voltage (<4V) electrical current stimulus will be applied by the device automatically [16] . The device can measure electrochemical skin conductance values expressed in micro-Siemens (μS) for the hands and the feet (both right and left sides). We used the mean of left and right ESC values for statistical analysis [16] .
Diagnostic criteria of DPN
The diagnostic criterion of DPN was a MNSI examination score of > 2 as previously reported [17] . In this study, we also used other diagnostic criteria of DPN including NSS/NDS score [18] , VPT [19] and SUDOSCAN [16] . NSS/NDS scores: Patient with an NSS of 3-5 points were considered with mild neuropathy signs, 6-8 points as medium neuropathy signs and 9-10 points as severe neuropathy signs. DPN was diagnosed with an NDS score of ≥ 6, or an NDS score of 3-5 associated with an NSS score of ≥ 5. For VPT, we used a threshold of 15V as the cut-off for diagnosis of DPN in this study. As for the diagnostic criteria of SUDOSCAN test, we used 60 μS of mean feet ESC as the cut-off for diagnosis of DPN according to previous studies.
Statistical analysis
Data are presented as means ± SD for normally distributed variables and as median (interquartile range) for variables with a skewed distribution. Parity and gender, which were analyzed by Chi-square distribution in Table 2 . Differences between groups were examined by independent-sample t tests for normally distributed variables and Mann-Whitney U-test for non-normally distributed data. Differences in offspring parity and sex distribution were examined by Chi-square test. Logistic regressions were used to estimate the odds ratio of DPN in each age group using the lowest group as the reference category adjusting for other covariates. Considering that the association between age and DPN risk might be nonlinear, restricted cubic spline (RCS) analysis was used to describe nonlinear relationships between the continuous age and the DPN risk. The RCS analysis uses piecewise cubic polynomials that are connected across different intervals of a continuous variable. We chose 3 knots at quantiles 0.050, 0.500 and 0.95. In RCS analysis, the least value of age was used as the referent, and the ORs of all other age versus the referent value were calculated and plotted against their respective age.
RESULTS
In this study, a total number of 950 patients with type 2 diabetes were enrolled continuously (including 563 males and 387 females). Amongst these 950 patients with type 2 diabetes (mean age: 60.01±12.30 years, mean duration of type 2 diabetes: 8.85±7.33 years, mean HbA1C% level: 8.02±1.88 %). Clinical and biochemical characteristics of the 950 patients are described in Table 1 . We divided the patients into DPN and non-DPN groups by using MNSI score as diagnostic criteria as indicated before (Table 2) .
T2DM patients in the study with DPN diagnosed by MNSI are older (P< 0.01), have longer duration of T2DM (P< 0.001), higher systolic blood pressure (P<0.001), higher NSS score (P<0.001), higher NDS score (P<0.001) and MNSI score (P<0.001). To understand the influence of age on the incidence of DPN, we further analyzed all clinical characteristics in T2DM patients stratified by age of ≤50, 51-60, 61-70, ≥ 71 ( (Table  5 ). However, both T2DM patients aged between 50 and 60 years old as well as aged between 60 and 70 didn't show significant higher risk of DPN by different diagnostic criteria (Table 5) .
We next used spline analysis to determine the risk association between age and OR of DPN in patients with T2DM. On spline analysis, the age level was non-linearly associated with OR of DPN comparing patients of 19 years old, and OR of DPN significantly increased with age (As seen in Figure 1) 
DISCUSSION
Diabetic neuropathy is a well-known microvascular complication of type 2 diabetes mellitus attributed to chronic hyperglycemia and is defined as the presence of peripheral nerve dysfunction in diabetics after exclusion of other causes [20, 21] . No study has ever reported the possible relationship between age and small fibre neuropathy which is indicated in early stage of diabetic nerve dysfunction. Our results in this study demonstrated that increasing age is independently associated with an increased risk of developing DPN in patients with T2DM by using different diagnostic criteria including both traditional scoring methods, VPT screening as well as the newly developed sudomotor device. We found that age is non-linearly positively associated with OR of DPN. This study is the first cross-sectional study carried out to analyze the risk factor of age in Chinese T2DM patients by using SUDOSCAN targeting at small nerve function and VPT targeting at large nerve function. Previous studies have already showed that sensory neuropathy is more common in long-standing diabetic subjects and is strongly related to age at diagnosis [10, 11, 22] . In year 2014, Anil Bhansali et al. [9] showed that age (OR 1.02, 95% CI 1.01-1.03, P < 0.001) was significantly associated with diabetic microvascular complications including diabetic neuropathy. Dehong Cai et al. [11] also showed that the prevalence of DPN in patients with age of 20-34, 35-49, 50-64 and ≥65 was 8.4%, 22.7%, 33.0% and 42.4%, respectively, which indicated a significant difference between age and the incidence of neuropathy (p<0.001). The study confirmed that age (OR: 1.016, 95%CI: 1.008, 1.024) was significantly associated with the development of DPN. Romulus Timar et al. [22] and their team showed in their study that the prevalence of DPN according to MNSI score was 28.8%, being significantly and positively correlated with higher age (65 vs 59 years; P=0.001) indicating that age influences the presence of DN, independent of other risk factors. As has been reported in many different animal studies, peripheral neuropathy which is detected by nerve conduction velocity, has been proved to be aging-related [23] . As nerve conduction velocity remains unchanged during adulthood of mice, it begins to decline after that. Further morphologic examination shows that there is a gradual decline in the number and density of both myelinated and unmyelinated nerve fibers in mice starting from 12-20 months old. And from 20 months on, there is approximately 50% loss of myelinated fibers and 35% loss of unmyelinated fibers in mice [24] . The molecular basis of aging and aging-related changes is still not completely understood. It is generally accepted that aging is driven by time accompanied accumulation of molecular and cellular damage. As in diabetic peripheral neuropathy, damage to both large and small fibers can be caused by axonal damage or demyelination.
The limitations of this study should be fully addressed. First of all, the study was conducted in Huashan hospital and T2DM patients recruited were not society based, which could lead to bias since those patients were mostly middle to old age. Secondly, in this cross-sectional study, we used relatively subjective methods to evaluate large nerve dysfunction such as VPT, traditional scoring methods including NSS, NDS and MNSI scores instead of electromyography which has been proved as golden standard in clinical use. Since electromyography is more time consuming and expensive compared to those screening methods, we didn't perform it in this study. Therefore, further study with more accurate electrophysiological methods could be considered as diagnostic methods in determining the association between age and the incidence of DPN.
As we know, the management of diabetic polyneuropathy includes three main elements: normal blood glucose level, foot care, and treatment of pain according to the guideline of management [6] . The results of this study, demonstrating that advancing age is associated with an increased risk of developing DPN in T2DM patients, emphasize the necessity of an intensified, proactive screening for DPN in elderly patients with T2DM.
